Extended Data Figure 1. Baseline cognitive impairment 
[image: degree of cognition impairment]
Degree of cognitive impairment across neuropsychological tests. Bar plots represent effect sizes of cognitive test performance relative to normative data, categorized by magnitude (small, medium, large). The red dashed lines indicate conventional thresholds for effect size interpretation. Asterisks denote significant deviations (p < 0.05, FDR-corrected).


Extended Data Table 1
	
	Stable Features 

	TMT-related 
	logHNR_sma_de_flatness
pcm_fftMag_spectralVariance_sma_upleveltime75
pcm_fftMag_spectralHarmonicity_sma_de_leftctime pcm_fftMag_spectralVariance_sma_qregerr
pcm_fftMag_spectralVariance_sma_linregerrQ

	DS-related
	audSpec_Rfilt_sma[21]_maxSegLen
audSpec_Rfilt_sma[21]_segLenStddev
mfcc_sma[14]_lpc2
audspec_lengthL1norm_sma_peakDistStddev
audspec_lengthL1norm_sma_de_meanPeakDist
mfcc_sma_de[4]_minRangeRel

	CP-related
	mfcc_sma[3]_segLenStddev
mfcc_sma[5]_upleveltime25
mfcc_sma[10]_upleveltime50
mfcc_sma_de[2]_kurtosis
mfcc_sma[3]_peakDistStddev
mfcc_sma[10]_linregc2
pcm_fftMag_spectralVariance_sma_de_peakRangeRel

	SC-related
	none


[bookmark: _GoBack]This table lists the stable speech features identified through Elastic Net-Bootstrap co-screening that are associated with specific cognitive domains: Trail Making Test (TMT), Digit Span (DS), Continuous Performance Test (CP), and Symbol Coding (SC). These features were selected based on their stable associations with cognitive performance and minimal multicollinearity (VIF < 5). The features are categorized according to the cognitive domain in which they were most strongly associated.


Extended Data Table 2. PCA of Cognitive Test: Top 5 Features and Their Contributions
	Cognitive Test
	
	Feature Name

	PCA of TMT
	PC1
	+ pcm_fftMag_spectralVariance_sma_qregerrQ: 0.57
+ pcm_fftMag_spectralVariance_sma_linregerrQ: 0.57
+ pcm_fftMag_spectralVariance_sma_upleveltime75: 0.55
- logHNR_sma_de_flatness: 0.18
+ pcm_fftMag_spectralHarmonicity_sma_de_leftctime: 0.14

	
	PC2
	+ pcm_fftMag_spectralHarmonicity_sma_de_leftctime: 0.71
- logHNR_sma_de_flatness: 0.65
- pcm_fftMag_spectralVariance_sma_linregerrQ: 0.19
- pcm_fftMag_spectralVariance_sma_qregerrQ: 0.19

	
	PC3
	+ logHNR_sma_de_flatness: 0.74
+ pcm_fftMag_spectralHarmonicity_sma_de_leftctime: 0.66
+ pcm_fftMag_spectralVariance_sma_upleveltime75: 0.12
- pcm_fftMag_spectralVariance_sma_qregerrQ: 0.03
- pcm_fftMag_spectralVariance_sma_linregerrQ: 0.02

	PCA of CP
	PC1
	+ mfcc_sma[10]_linregc2: 0.53
+ mfcc_sma[10]_upleveltime50: 0.52
+ mfcc_sma_de[2]_kurtosis: 0.47
+ mfcc_sma[3]_peakDistStddev: 0.39
+ mfcc_sma[3]_segLenStddev: 0.20

	
	PC2
	+ mfcc_sma[3]_segLenStddev: 0.62
+ mfcc_sma[5]_upleveltime25: 0.44
- mfcc_sma[10]_upleveltime50: 0.40
- mfcc_sma[10]_linregc2: 0.38
+ mfcc_sma_de[2]_kurtosis: 0.29

	
	PC3
	+ pcm_fftMag_spectralVariance_sma_de_peakRangeRel: 0.87
+ mfcc_sma[3]_peakDistStddev: 0.37
- mfcc_sma[5]_upleveltime25: 0.28
- mfcc_sma[10]_upleveltime50: 0.14
+ mfcc_sma_de[2]_kurtosis: 0.07

	
	PC4
	+ mfcc_sma[5]_upleveltime25: 0.66
- mfcc_sma[3]_peakDistStddev: 0.48
+ pcm_fftMag_spectralVariance_sma_de_peakRangeRel: 0.47
- mfcc_sma_de[2]_kurtosis: 0.22
+ mfcc_sma[10]_linregc2: 0.21

	
	PC5
	+ mfcc_sma[3]_peakDistStddev: 0.67
- mfcc_sma_de[2]_kurtosis: 0.51
+ mfcc_sma[5]_upleveltime25: 0.42
- mfcc_sma[3]_segLenStddev: 0.31
- pcm_fftMag_spectralVariance_sma_de_peakRangeRel: 0.11

	PCA of DS
	PC1
	+ audSpec_Rfilt_sma[21]_maxSegLen: 0.50
+ audSpec_Rfilt_sma[21]_segLenStddev: 0.45
+ audspec_lengthL1norm_sma_de_meanPeakDist: 0.44
+ audspec_lengthL1norm_sma_peakDistStddev: 0.43
+ mfcc_sma_de[4]_minRangeRel: 0.34

	
	PC2
	+ audspec_lengthL1norm_sma_peakDistStddev: 0.56
+ audspec_lengthL1norm_sma_de_meanPeakDist: 0.54
- audSpec_Rfilt_sma[21]_segLenStddev: 0.38
- mfcc_sma_de[4]_minRangeRel: 0.29
- mfcc_sma[14]_lpc2: 0.29

	
	PC3
	+ mfcc_sma[14]_lpc2: 0.79
- audSpec_Rfilt_sma[21]_segLenStddev: 0.40
- audSpec_Rfilt_sma[21]_maxSegLen: 0.32
+ mfcc_sma_de[4]_minRangeRel: 0.32
+ audspec_lengthL1norm_sma_peakDistStddev: 0.08

	
	PC4
	+ mfcc_sma_de[4]_minRangeRel: 0.83
- mfcc_sma[14]_lpc2: 0.49
- audSpec_Rfilt_sma[21]_segLenStddev: 0.19
- audSpec_Rfilt_sma[21]_maxSegLen: 0.15
- audspec_lengthL1norm_sma_peakDistStddev: 0.10


This table displays the top five features contributing to each principal component (PC) in the principal component analysis (PCA) of the cognitive tests. The signs (+ and -) indicate whether the feature has a positive or negative contribution to the respective principal component, with the numerical values representing the absolute contribution strength.

Extended Data Table 3
	
	AIC without HAMD           
	AIC with HAMD
	ΔAIC
	HAMD β
	p-value

	TMT
	625.9
	625.1
	-0.8
	-0.9
	0.155

	DS
	705.3
	705.7
	0.4
	0.13
	0.890

	CP
	742.3
	741.7
	-0.7
	-0.9
	0.401



This table presents the comparison of model fit indices (AIC) for cognitive tasks (Trail Making Test, Digit Span, and Continuous Performance Test) with and without including the HAMD-17 (Hamilton Depression Rating Scale) covariate. The β coefficient for the HAMD variable, representing its effect size on cognitive task performance.
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